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Histo ric aL aspe cts
PhaNia rhodozyTna W a sis olated in Japa n in1976
by M ille r and c o- w orkers(1). T he a uthor sisolated
te n Bimi18.r 畠trainsfro m e m d8.te S Of br oad-le afed
tree8･ T heseye8BtB pr Odnc ed ca rotenoidpigm ent8,
r eprodlユC ed vegetativ ely by budding 且nd fer m e nted
several Btlga rS . All the isolates belonged to on e
8PBCies(2), and repre s e nted a ne w gent1 8, that w as
na m cd 且fte r the ye a8t taXO n Omist and ec ologist
ョer man P ha･ff･ The ye ast la c_bed, a8 far a s they
c o uld determine, a s ex ual 1ife cycle.
Morpho一og y
Vegetative cells r eproduc eby blldding, a r e ellip-
s oid aland occll r Singly, in pair s and o cc asio nally
in short■ch ain s
.
T he m a nner of blld foI･ m atio n is
cha ra cteristic fo rheter oba sidio T nyCeteB･ye a StS(3, 4).
T he ultr astru cttlr e als o referstO a basidio myc ete
origin :the vegetativ 8dellw al l is multilayered and
ruptll red for m ing a
”
c ol a r
'
whe re the new bud
em e rge s(1). The cellw allpolys ac cha ride s co ntain
m ainlyβ- (1 - a)andβ- (1 - 6)glllCan 且nd a18O
a a - (11 ＋ 3)glu c an a nd n o ne or a s mal am otl nt
of chitin(5, 6). T he cells a r eSurr O tl nded by a c a-
pslle of acidic polys acchari des c ontaining D- Ⅹylose.
Org8 nis 8tio n of the cytoskeleto ndu ring
the c ellcycle
Blldding ass o ciated cha ngesin micr otublle 畠 and
a ctin Studied by.fl11Ore B C e n Ce micro 8 C Opy r e Ve a.led
that the dyn amics Of micr ottlbule a range m 8 nt i8
m ore similarto that of fission Fe a sts or ?nim al
cells thanto S. ceT･e UisLa e(7). hterpha s8 C ells had
a ce ntr ally position ed n11Cleu8 a nd bundles of cyto-
plasmic mic rotubtleB, Which w e)re not c o n e cted to
the n ll Ce u s. During mitQSiB the whole n uclel 与
m o v ed into the btld, a nd div ded there. Subsequently
cytoplas mic micr otubules di組p Pea r8d a nd w er e
r eplaced l〕y a spindle. The rl u Cle us elo ngated a nd
the spindle poles m o v ed apart sepa rating the
d8.tlghte r nuclei while still in the bud. One of the m
m o ved back to the m other c ell. At the end of telo
phase and during cytokinesis, the spindlediss o ciated
a nd cytopla畠mic microtllbule8 re appe ared in the
T n Other aTld daughter cells.
In n on -blldding cells only actin patches a nd no
actin microfila･ m e nts c ould be vis u aliz ed. They w ere
regularly sc attered allo ver the cytopl&8m ex cept
forthe n u cle118 are a. h budding cells actin patches
were pre s entin both the bud and the m other cell.
Orga niz atio n of the ge n om e
Pl1s e-fieldgel e18 Ctr Opho r QSi8 i8 a Valuable to ol
for studying the orga nization of yeast ge n O m臥
Ele ctr ophoretic ka ryoty pe息deter min ed by O F A G E
a nd C E E Fte chniqtLe S for P. rhodozym a is olates
re ve aled co n sider able chr om o s o m al leTlgth polym or-
phis m. T he nu mber畠 a nd siz esof the chro m os o m al
band畠 V aried betw e e n7 to 12(8)or9-17(9),r a nging
in siz efro m0
.
83 Mb to 8. 5 M bor0
.
48. to3
.
1 M b
respectiv ely in the 8trainB Studied.
Cur re ntly little is know n abollt the Stru ctural
a nd fun ctio nalorgaTliz atio n of P･ rhodo町 m agenO m e
in gen e ral･ The first tw o g8 ne S(coding for a ctin
and glyceraldehyde131phosphate-dehydr oge n ase)w ere
isolated recently(10, ll)and tw opapers related to
tr a n sform a.tion l18 V ebee npublished(12, 13).
Extr 8 Chr o m o s o m algen etic ele m 8 ntS
Gen etic ele m ents of P
.
rhodozym a othertha nthe
n tl Cea r chrom o som e s a re mitochondria , D N A
plasmid8 and dsRN A vir uses･ Although mitochon -
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drial r)N A is ess erltial rc,r re spirato ry m etabolis m,
itis n ot required fo r viability ln
Or I,he other e xtrll Chr om o s om al
pla6mids see m Lo be vital(15.
viru ses a r edi印e nS ablo (17).
M ito cho ndria visuali駆d in ai.
thi畠 8pe Cies(14).
elem e ntB D N A
16), but. dsR N A
T･ht)dozym a strain
by m ea n so.∫I⊃IOCG (3) appear由 as v e 8icleB Of
v arious ぉize $ a nd in la rge nu rnb耶 - Often lying
adjace nt to mic rotubules, in the cyLopla 別n of
veget也tive ceus(7)･ Phq〝ia rhodozym ais apetite-
po 如iv eba sidio myceto uB ye 舶t:Sm allc olo nies occ ur
du ring c ultiv atio n which do n ot ha ve fu nctio ning
mitocho ndria . T his w aspr ov㊤d by m e as uring the
differ色n Cebetw eenthe O】 co n 凱1rnptio n of the wi 1d･
ty pe a nd the p8tite c eu且 a nd isolated zTlitocho ndri8
a nd by the in ability of to use n o nrer m e ntable
c a rbo n 80 u rCeaby the petiteB, T he widely usedpetite
indu cer. ethidiu m bro mide w 舶 8ff8 Ctiv8(14). Petite
m llta nt8 0f P
. rhodo 2ym a u nlik8 tho8e Of Saccharo-
myc e8 Ce r e Ui8ia e ar oseby point m utaticln O r S m all
deletio ns e VeTl after sho rt･ o rlo n針tim e ethiditlrn
brorLide tre 8trne nt. Th8 gr arld &tr&in had about13
kbm tD N A in size e占tim &t匂dby restrictio n m apping
(18). This is the Bm &1lest mitocho ndri81 ge n o n ◎
kno w nin ye aBt8(19).
Line a rD NA pla8mi ds 8 r ekno w nto exi白t Widely
iJ1 microorga nis m 乱Studies o nP, rhodozym ade m o･
n str ated the locarlis atio n of 8tlCh pl且8mids in the
cm de mito cho ndri81 fra ctio n(16). Tho ugh yeast
lin e arD N AplalSmidB a rege nerally inse nsitive tO
ethiditl 皿 br omi de, P. T･hodozyれ a Str ains c otlld be
effic eJltly ctlred by ethidin m br omi de tre atm e nt
(20). A D N A hybridiz atio n Study re ve aled str orlg
sequ en ceho m ology a mong 8 Om e plasmi d8 belo nging
to th8 Sa m e a nd differe nt Strains. No ho m ology
w a sfo u nd betw een the P. T･hodo zym a a nd other
line arD N Aplasmids. So m e of the fr agm e nts of the
plas mids were s equ en ced a nd data w ere c om pared
by databas es･ Significa･nthoTnOlog yw asmat detected
to a ny of the $8qu en CeS(21). T he only kno wn fu n-
ction of yea st line ar D N Aplasmi ds iB that they
c onfer killer chara cter on the ho st cells(KIELyOe-
T
'
OTnyC e Sla c血 Pichia a ca cia e). No S uch activity
c ould be dete cted in a ny of the P. T･hodozyTn a Str ains
(16, 20, 21).
Se ve r al P
. rhodozyTn a Strain8 harbo u rdsR NA
vin lSeS(17, 22), Studies reve aled the exist,e n c eof
d白R NA m olec ules of differe nt sizes in six strain s.
Polyrno rphis m w a sde monstrated in boththele ngth
a nd the n u mber ofdsR N A. Str ainヨwith o ne- , three･
a nd fo ur･ty pes of dsR N Am olect11郎 W e r efou nd,
while others proved to be dBR N A free. Elo ngated
icos ahedral vir us-like p&rtic18S(V L P8)34Ⅹ26n m in
siz8 W eredetected in strains c arryingfou r･ o rthree-
types of d6R N AB. OnedsR N Am olecule of 8. 7 kb
w asfo u nd･rlOt tO fo r m part of the VLP ge n o m e
(23). Little effect on the repr oductio n a nd fitne8 8
of the ho畠t du eto the pr 郎eTICe Of the V LPs co uld
be detected(24, 25).
Life cycF8
A8 attempts tO m ate the v arious Strain畠irlthe
hope of observing subBeqt18 ntdik8rアOtic mycelitl m
a nd teliosporefo m ation(which are chara cteristic
for the ba 8idio nyceto us B C Xual life cycle) w ere
tln8 uCCeSSful the ne wge m8 恥 8 pl&ced in the
gr ollP Of De uter o mycotin a(1).
Btlt recently sex u al a ctivity w asinduced by deple-
tio n of nitroge nfr om the ctl tur8 m ediu m(26)or
by 8 up plern e ntatio n with ex oge n o uspolyol8, 餌pe･
cially ribitol(27). T h母 tBleo m orphic 8tate W a 白
descri bed a sXanthophyllo7nyCe8 dendT Orhous(27).
The m o 包t Char acteristic fe at11 r8 0bBer Ved w a白
pedog& my(co njugatioTlbetw ee na m other c ella nd
a bud)but m ating betw en tw odiffere nt cells has
also been obBer Ved
･
T he se x ual activity involved
both m ating a nd BPOr ul&tio n betw e en tw o ye ast
cells u nder the 組 m8 St8.r V atiorl C O nditioJIS :the
m ajority of the cells tra n8fo rln ed into larger c els
皇u r rO11 nded by r etr actile c ellw al ls and a ccll mulated
n um e r o u slipidgra ntl e s. Cellclu mping w a s ob8er Ved,
且o n e Of theT nform ed short c o nJugation tube白 a nd
a fe w conjtlgated pair占 W B re
disap pea r edin the conjllga.ted
holobaBidiu m was for med, at
basidio8POre B(26).
Cros s esbetw een ge netic ally
pnlse-fieldgel electr opho re 5is
present. T he septu m
c ells. Later a sle n由r
the apex with 2-7
m arked Strains, a nd
or the cllr O m O S O mal
D N Aof cellsderiv ed from in dividualspore sr e vQaled
e vide nce of ka ryogam y, m eiosis 8.nd ev en re c o m-
bination . T he s egreg8･tio n ratio in tetrad8 pointed
to diploidv egetativ e c ells, Wllich fo r m ed tetr aploid
zygotes a nd the im m ediate m eiosis then gave rise
to diploidpr oge nies again . Ho we v e r, the presenc e Of
a n etlploids in the populatio n c o uldn ot be e xcluded
(28).
Extra chrom os o m al inhe rit8.nee W as als o de m on st_
rated ill PhaNia T･hodo z.ym a (23):a dsR N Aviru s-
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cont8inlng Btr8.in arid a viru s-free strain w e re
cro s s8d and fro m the tetr 且ds R N A
I
w a 畠iBDlated.
Allthe pr o卵 niesc ontain ed viru由s pro vidillg reliable
8 Vidence on the efficient tra n smissio n of the V L P8
via basidiospor es during the se x u al lif8 Cycle . T hus
the mating proce s s c an also be effective in spre ading
yea st viru se s,
Biotechnologic 81impo rtan ce - indu strial a nd
possible m ed･ic al u s eof Ph8ffi8 rhodo zym a
ln recent ye ar s p . rhodo zym a･ha白 bec o m e an
im porta nt micro organiB m in biotechnolog yaB
■ith88
poterltial us efor both the food a ndpharm ac e utical
industry･ T his ye a畠t i昌 ab18 tO Synthesize asta x aTl-
thin (3,3'- dihydro xy - β, β
J
-c aroten -4,4
'
-dion)a nd
other carotenoid昌, Which arerespo nsible fo r its
or8･nge tO S almon - red colotlr畠(1,4). Anim als lack
the ability to 野 nthe size the car otenoid8 de TW U O,
so c ar otenoids that are biosynthe8ized by micr o or-
ga n血 ns orby 且Igae a nd plants mtlSt enter anim alB
thr ough their dieta ry intake . Aqn a c11tu red .fi8he8
r e m ov ed from their natu ral food chain call ZI Ot
get 81ga e or pla nkto n, 昌O they reqtlir e pigm ent
sup ple me nta=tio n of their diet. As o nly a f㊤w speci㊤s
of microorganiB m produ ce a sta x anthin in nature, A
rhod喝 ,m a has be en e耳ploited a8 a n ag血t for
pigm enting6vltu red fish a且d shellfish(29, 30). In
addit on rec e ntly asta x a ntllin ha 昌 at tr a Cted co nside_
raもIe interest du eto its beneficial effect oTl h.. man
health:potent a ntio xida nt a ctivity(31, 32)and pot
8 8ible role in delaymg or preventing dege nerative
dise &se8(33, ･叫). Astax anthin is extre m ely potent
and i七島 且 ntioxidant activity hasbeenreported to be
str o11g8 r a nd to lastlonge rthan those c ar oten oidB
n atur al ly pr e se nt in v egetables Su ch as β -c a r ote n,
1tltein, etc.
So far o nly li mited rese ar ch ha sbe e ndo ne o nthe
genetic8 且nd e n zym olog yof astax anthin bioBynthesi8
in P
･
rhodozym a･ The
'fer me ntatio n indu stry has
focus ed on str ain developm e ntfor ma xim u m produ -
ctio n of asta xanthin, a s the pigm e nt c o nt8ntin the
wi ld-type P. rhodozyT na Strains iB low . For Strain
impr o ve me nt sev eraltraditional m ethods ha v ebe en
BuC C eS 8flユ11y tlS ed, sTICh a s m tlta nt isolation and
selectio n(35, 36)or protoplastfusio n(37, 38). Fur_
thor pr ogres sin m olec ula r biologlCal stldieB Of P.
rhodo zym a wil certainly help on the is olation aLnd
char a cterization of gen es coding for e n zym e s c ata-
1yzing specific steps in the bio synthe sis of a sta x an-
thirl tO incre 8 S 8the pr oductivity.
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